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@ A molded optical waveguide (20) having elec- 
trical conductors (30) molded ttierein for contacting 
an optical device (50) mounted at one end (35) of 
the waveguide and providing external electrical ac- 



cess (38) to the optical device at exposed sides of 
the waveguide. The waveguide and assembled op- 
tical device is mounted on a printed circuit board or 
the like and contacted by lead wires. 
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This invention relates, in general, to fabrication 
of optica! devices and, more particularly, to con- 
necting optical devices and optical waveguides to- 
gether. 

Background of the Invention 

At present, interconnection of an optical device 
and an optical waveguide is a difficult task that 
typically is achieved by use of hand methods or 
use of semiautomatic methods for interconnection 
or mating of the optical waveguide and the optical 
device. Generally, these methods are complex, in- 
efficient, and not suitable for high volume manufac- 
turing. A major problem associated with intercon- 
nection of optical devices to waveguides is a fab- 
rication method and structure that will allow elec- 
trical and mechanical coupling between the optical 
device and the waveguide. 

In the prior art, interconnection of the optical 
device and the waveguide typically is achieved by 
activating the optical device and carefully aligning, 
by hand, the optical device to the waveguide for 
the maximum coupling of light therebetween, com- 
monly called active alignment, and subsequently 
cementing or adhering the optical device to the 
waveguide. However, many problems arise by 
aligning the optical device and the optical 
waveguide by hand, such as being extremely labor 
intensive, costly, inaccurate and/or inconsistent 
alignment, and the like. Further, curing of the adhe- 
sive that binds the optical device and the optical 
waveguide together often results in a shifting of the 
alignment of the optical device to the optica! 
waveguide, thus causing a potentially inefficient 
transfer of light from the optical device. Moreover, 
if the misalignment is severe enough, unusable 
product is manufactured, thus increasing cost and 
reducing manufacturing capability. 

Also, during connection of the optical device to 
the optical waveguide and during subsequent op- 
eration heat is generated which it is desirable to 
remove from the apparatus for a reliable intercon- 
nection and for reliable operation thereafter. In gen- 
eral, prior apparatus and methods of interconnec- 
ting optical devices to optical waveguides did not 
included a satisfactory means for dissipating heat 
generated during the interconnection and during 
subsequent operation. 

It can readily be seen that conventional meth- 
ods for connecting an optica! device to a 
waveguide have severe limitations. Also, it is evi- 
dent that the conventional processes that are used 
to fabricate the interconnection between the optical 
device and the waveguide are not only complex 
and expensive, but also not effective processes. 
Therefore, a method for making an interconnection 
between an optical device and an optical 
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waveguide and the improved interconnection are 
highly desirable. 

Summary of the Invention 

5 

It is a purpose of the present invention to 
provide a new and improved optical waveguide 
with electrical contacts. 

It is a further purpose of the present invention 

10 to provide a new and improved optical waveguide 
which is substantially simpler to manufacture and 
substantially simplifies assembly to optical devices. 

These purposes and others as well as solutions 
to the above described problems are realized in an 

75 optical waveguide including a first cladding layer, a 
second cladding layer affixed in overlying relation- 
ship on the first cladding layer, a light conducting 
core positioned between the first and second clad- 
ding layers and substantially surrounded thereby, 

20 the core having first and second ends optically 
accessible at opposite ends of the waveguide, and 
a first electrical conductor formed in the first clad- 
ding layer with an externally accessible contact 
positioned in an end of the waveguide adjacent the 

25 first end of the core and an externally accessible 
portion positioned on an external surface of the first 
cladding layer. 

These purposes and others as well as solutions 
to the above described problems are realized in a 

30 method of manufacturing an optical waveguide with 
electrical contacts including the steps of molding a 
first cladding layer with an inner surface and a first 
electrical conductor positioned in the first cladding 
layer, the first electrical conductor having an exter- 

35 nally accessible contact positioned at an end of the 
first cladding layer and an externally accessible 
portion positioned on an external surface of the first 
cladding layer, molding a second cladding layer 
with a channel in an inner surface thereof, and 

40 affixing the inner surface of the first cladding layer 
in overlying relationship on the inner surface of the 
second cladding layer so as to form a light con- 
ducting core positioned between the first and sec- 
ond cladding layers and substantially surrounded 

45 thereby, the core having first and second ends 
optically accessible at opposite ends of the 
waveguide with the first end being positioned adja- 
cent the externally accessible contact of the first 
electrical conductor. 

50 

Brief Description of the Drawings 

Referring to the drawings: 
FIG,1 is a view in end elevation of a molded 
55 optica! waveguide; 

FIG. 2 is a cross-sectional view of a molded 
optical waveguide with electrical connections in- 
corporated therein embodying the present in- 
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vention; 

FIG. 3 is a sectional view as seen from the line 
3 - 3 of FIG. 2, with an optical device electrically 
and optically connected thereto: 
FIG. 4 is an exploded view in perspective of the 
nnolded optical waveguide and optical device of 
FIG. 3; 

FIG. 5 is a sectional view similar to FIG. 3 of 
another embodiment of a molded optical 
waveguide; 

FIG. 6 is a sectional view of an intermediate 
step in one method of the formation of the 
molded optical waveguide of FIG. 2; and 
FIG. 7 is a sectional view of an intermediate 
step in another method of the formation of the 
molded optical waveguide of FIG. 2. 

Description of the Preferred Embodiment 

FIG. 1 Is an end elevational view of a molded 
waveguide 10. Molded waveguide 10 is made of 
first cladding layer 12, second cladding layer 14, 
and cores 15. Second cladding layer 14 is molded 
with axlally extending channels In the inner surface 
thereof, which channels are designed to receive 
unprocessed core material therein. Typically, the 
inner surfaces of molded first cladding layer 12 and 
molded second cladding layer 14 are joined by an 
optically transparent material which forms cores 15 
of waveguide 10 and acts as an adhesive and an 
optically transparent polymer. The optically trans- 
parent material generally may be any of several 
materials, such as epoxies, plastics, polylmides, or 
the like. Generally* refractive indexes of these opti- 
cally transparent materials range from 1 .54 to 1 .58. 
It should be understood that to form an optical 
waveguide the refractive Index of cores 15 should 
be at least 0.01 greater than the refractive index of 
cladding layers 12 and 14. 

In this specific embodiment of molded 
waveguide 10, epoxy is used to join the Inner 
surface of first cladding layer 12 to the inner sur- 
face of second cladding layer 14. Application of the 
epoxy is done in a manner so as to completely fill 
the channels of first cladding layer 12, thereby 
forming cores 15. Further, by having cores 15 
completely surrounded by cladding layers 12 and 
14. cores 15 have superior performance character- 
istics for conducting light or light signals. These 
superior performance characteristics are used In 
enhancing high speed communications applica- 
tions, such as chip-to-chip communications, board- 
to-chip communications, board-to-board communi- 
cations, computer-to-computer communications, 
and the like. Additionally, a capability is available, 
in molded waveguide 10. to match refractive In- 
dexes of cladding layers 12 and 14. 



: <EP 0581012A1_I_> 



Typically, the epoxy may be cured by a variety 
of methods, such as air drying, exposure to UV 
light, heat treating, or the like. Selection of specific 
curing methods is application specific as well as 

5 being dependent upon selection of the adhesive 
and the cladding materials that are used for making 
first and second cladding layers 12 and 14. 

By way of example only, first cladding layer 12 
and second cladding layer 14 are made by inject- 

10 ing a transparent epoxy molding compound, avail- 
able under the Tradename HYSOL MG18 from 
Dexter Corporation, Into molds (not shown) pro- 
vided for the purpose. Temperature of the molds 
range between 1 50 ' 0 to 1 75 ' C with a preferred 

75 temperature range from 160 degrees Celsius to 
165 degrees Celsius. Molding pressure of the 
molds range between 500 psi to 1,000 psi with a 
preferred pressure range from 750 pounds per 
square Inch to 800 pounds per square Inch. Typi- 

20 cally, transfer time ranges from 30 to 50 seconds 
at a temperature of 150''C to 20 to 30 seconds at 
a temperature of 175'C- Curing time typically 
ranges from 3 to 5 minutes at 150 'C to 2 to 4 
minutes at a temperature of 1 75 ° C. 

25 Upon completion of the curing time, first clad- 

ding layer 12 and second cladding layer 14 are 
removed from the molds. Typically, a post-curing 
step is necessary in order to achieve maximum 
physical and electrical properties of the HYSOL 

30 material. This step generally proceeds at 150 de- 
grees Celsius for approximately 2 to 4 hours. Com- 
pletion of the post-cure step results in first cladding 
layer 12 and second cladding layer 14 having a 
refractive index of approximately 1 .52. 

35 Once the molding and curing processes, as 

welt as the removal of the first and second cladding 
layers 12 and 14 from their respective molds have 
been completed, the first and second cladding lay- 
ers 12 and 14 are ready to be assembled. Assem- 

40 biy is achieved by applying, to the Inner surface of 
one of the cladding layers, an optically clear adhe- 
sive with a refractive index at least 0.01 higher than 
the material forming the first and second cladding 
layers 12 and 14. In this specific embodiment, this 

45 Is accomplished by applying an optically clear ep- 
oxy available under a Tradename EPO-TEK 301-2 
from EPOXY TECHNOLOGY INC. Typically, after 
the adhesive is applied to the inner surface of first 
cladding layer 12, the inner surface of second 

50 cladding layer 14 Is compressed against the inner 
surface of first cladding layer 12, thereby squeez- 
ing and filling the channels and adhering both first 
cladding layer 12 and second cladding layer 14 
together. 

55 Curing times for the adhesive epoxy Is depen- 

dent upon temperature, e.g., at room temperature 
curing time is 2 days and at 80 degrees Celsius 
curing time is 1.5 hours. Additional information as 

3 
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to the molding and construction of molded 
waveguide 10 is available in copending U. S. pat- 
ent application entitled "Molded waveguide and 
method for Making Same". Serial No. 07/889,335, 
filed 28 May 1992 and assigned to the same as- 
signee. 

Referring specifically to FIGS. 2, 3 and 4, a 
molded optical waveguide 20 with electrical con- 
nections incorporated therein is illustrated. Optical 
waveguide 20 includes a first cladding layer 22 and 
a second cladding layer 24 with cores 25 posi- 
tioned therebetween, generally as described above. 
In addition, second cladding layer 24 has a ground 
plane, or ground conductor, 26 affixed to the lower 
surface thereof. Also, a plurality of electrical con- 
ductors 30, in this embodiment one for each core 
25, are molded into first cladding layer 22. Elec- 
trical conductors 30 are, for example, provided in 
the form of a flexible leadframe, which leadframes 
are well known in the semiconductor art. Ground 
conductor 26 and conductors 30 are formed of any 
convenient electrically conducting material, such as 
copper, aluminum, gold, silver, etc. 

As can be seen especially in FIGS. 3 and 4, 
electrical conductors 30 are molded into first clad- 
ding layer 22 and each have a first end forming an 
electrically accessible contact 32 in end 35 of 
molded optical waveguide 20. Electrical conductors 
30 extend into the bulk of first cladding layer 22 
and are bent at 37 with two generally ninety degree 
bends so that a portion 38 of each electrical con- 
ductor 30 lies in the upper surface of first cladding 
layer 22 and is available for external electrical 
connections thereto. The position of portion 38 in 
the upper surface of first cladding layer 22 de- 
pends upon the specific application and the posi- 
tion and type of external electrical connections to 
be made. 

Ground conductor 26 is a layer of electrically 
conducting material such as copper, aluminum, 
gold, silver, etc. Ground conductor 26 may be 
molded into, or along with, cladding layer 24, or it 
may be deposited on cladding layer 24 after the 
formation thereof. Further, while the ground con- 
ductor 26 is referred to as a ground plane in this 
specific embodiment it will be understood by those 
skilled in the art that in some special applications 
ground conductor 26 may be molded into second 
cladding layer 24 and may include a plurality of 
individual conductors similar to electrical conduc- 
tors 30. In either case, ground conductor 26 gen- 
erally includes an externally accessible electrical 
contact 39 positioned in an end 40 of second 
cladding layer 24, which end 40 lies in a plane with 
end 35 of first cladding layer 22, both of which 
define a first end 41 of optical waveguide 20. Also, 
ground conductor 26 generally includes an exter- 
nally accessible electrical portion 42 lying in an 
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external surface of second cladding layer 24. 

Referring to FIGS. 3 and 4, an optical array 50 
is illustrated affixed to first end 41 of optical 
waveguide 20, which optical array 50 includes at 

5 least one optical device. In this specific embodi- 
ment optical array 50 contains five optical devices 
52. Optical devices 52 can be any of the devices 
known in the art which detect or generate light, or 
any combination thereof, such as light detecting 

10 diodes, light emitting diodes, vertical cavity surface 
emitting lasers, any of the other known lasers, field 
emission devices, etc. Each optical device 52 in- 
cludes an optical input/output 54 positioned in a 
surface 55 of optical array 50. Each of the optical 

75 input/outputs 54 is aligned with a different one of 
the cores 25 so that light travelling down aligned 
core 25 enters input/output 54 of optical device 52 
or light generated by optical device 52 leaves 
input/output 54, enters aligned core 25 and is con- 

20 ducted thereby to the opposite end. 

Each optical device 52 has a pair of spaced 
apart electrical terminals positioned in surface 55 of 
optical array 50 so that one of the terminals con- 
nects to contact 32 adjacent, or associated with, 

26 aligned core 25 and the other terminal connects to 
contact 39 of ground conductor 26. The electrical 
terminals of each optical device 52 are connected 
to the contacts 32 and 39 adjacent to, or asso- 
ciated with, the aligned core 25 at 44 and 45 (see 

30 FIG. 3) by means of a weld or reflowable connec- 
tion material such as conductive epoxy, solder, 
solder paste, etc. Generally, since electrical con- 
ductors 30 are molded into cladding layer 22 and 
ground conductor 26 is molded into, or deposited 

35 on the surface of, cladding layer 24 the positioning 
of contacts 32 and 39 is sufficiently accurate to 
allow satisfactory alignment of optical input/outputs 
54 with cores 25 by simply affixing the pair of 
terminals of each optical device 52 to contacts 32 

40 and 39. The affixing can be performed manually or 
with any of the robotics presently available for 
assembly purposes. 

Once optical array 50 is physically and elec- 
trically affixed to optical waveguide 20 the entire 

45 assembly can be, for example, surface mounted on 
a printed circuit board or could be included in a 
hybrid package with semiconductor chips and the 
like. Electrical connections to optical devices 52 
are made by some convenient means such as wire 

50 bonding between externally accessible portions 38 
and contacts, or bonding pads, on the printed cir- 
cuit board, etc. In general a single contact to 
ground conductor 26 provides a connection to the 
opposite side of all of optical devices 52. 

55 It should be noted that, in addition to providing 

electrical contacts for optical waveguide 20, elec- 
trical conductors 30 and ground plane 26 act as a 
heat sink to conduct heat from optical array 50 

4 
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during assembly and operation. The cross-sectional 
dimensions and length of electrical conductors 30 
and ground conductors 26, as well as the length of 
portion 38 of electrical conductors 30 and portion 
42 of ground conductor 26, can be chosen to carry 
more or less heat, depending upon the application. 
Also during the original assembly, external heat 
sinks can be placed in contact with portions 38 and 
42 to further remove the heat of reflowing or weld- 
ing. 

For high speed electronic signal operation 
through the leadframe, the length of the electronic 
conductors must be addressed, depending upon 
the speed of the signal. In such applications the 
length of the electrical conductors may be less 
than the length of the molded cladding layers, or 
the electrical conductors and molded cladding lay- 
er can simply be shortened to some acceptable 
length. For example, the length of the electrical 
conductors may be approximately the same as the 
height (distance from the core to the external sur- 
face) of the cladding layer. In such applications it 
may be convenient to utilize smaller electrical con- 
ductors, perhaps in the range of one to two mills. 
Also, in some applications it may be desireable to 
reduce inductance, in these instances the electrical 
conductors can be formed with a greater cross- 
section. 

Referring specifically to FIG. 5. a sectional view 
of another embodiment 60 of a molded waveguide 
with electrical contacts is illustrated, in this embodi- 
ment electrical conductors 62 are molded into a 
first cladding layer 64 similar to the above descrip- 
tion. However, in this embodiment electrical con- 
ductors 62 are bent continuously, starting at an 
area designated 66 and continuing to an end 68 of 
cladding layer 64. This particular embodiment is 
useful in applications where the two ninety degree 
bends of the embodiment illustrated in FIGS. 2 - 4 
would place too much stress on electrical conduc- 
tors 62. It will of course be understood by those 
skilled in the art that any variety and shape of 
electrical conductors can be utilized in the dis- 
closed optical waveguide, depending upon the ma- 
terials utilized and the application of the optical 
waveguide. 

FIG. 6 illustrates, in sectional view, an inter- 
mediate step in one method of the formation of the 
molded optica! waveguide of FIG. 2. By utilizing 
this method two molded cladding layers are formed 
simultaneously from a single piece of leadframe. 
This particular formation process provides stress 
balance for the leadframe folds, as well as keeping 
the spacing between the conductors accurate and 
constant. After the leadframe is molded into the 
cladding layer the cladding layer is cut, by a saw 
or similar device, at the arrow designated "cut". 



FIG. 7 is a sectional view of an Intermediate 
step in another method of the formation of the 
molded optical waveguide of FIG. 2. In this method 
a single leadframe is again folded, or bent, at two 

5 spaced apart points. The leadframe is then molded 
into two separate cladding layers, for example in 
two separate molds. The two cladding liayers are 
then separated by simply cutting the leadframe at 
the two arrows designated "cut". 

10 Thus, new and improved ' molded optical 

waveguides with electrical connections are dis- 
closed which are much simpler and more accurate 
to manufacture and which substantially simplify 
later assembly with optical devices. Because the 

75 electrical connections are molded into the 
waveguides at the time the waveguides are formed, 
the contacts are much more accurately and simply 
positioned. Also, because the electrical contacts 
are accurately positioned, subsequent assembly 

20 steps can be performed by machines (robots and 
the like) which rely on the electrical contacts rather 
than optical alignment of the optical device and the 
core of the waveguide. Further, the disclosed op- 
tical waveguides provide heat sinks to reduce dam- 

25 age during assembly and to improve reliability and 
efficiency of operation. 

Claims 

30 1. An optical waveguide characterized by: 

a first cladding layer (22); 

a second cladding layer (24) affixed in 
overlying relationship on the first cladding lay- 
er; 

35 a light conducting core (25) positioned be- 

tween the first and second cladding layers and 
substantially surrounded thereby, the core hav- 
ing first and second ends optically accessible 
at opposite ends of the waveguide; and 

40 a first electrical conductor (30) formed in 

the first cladding layer with an externally ac- 
cessible contact (32) positioned in an end (35) 
of the waveguide adjacent the first end of the 
core and an externally accessible portion (38) 

45 positioned on an external surface of the first 

cladding layer. 

2. An optical waveguide as claimed in claim 1 
further characterized by a second electrical 

50 conductor (26) formed in the second cladding 

layer with an externally accessible contact (39) 
positioned in the end (35) of the waveguide 
adjacent the first end of the core and an exter- 
nally accessible portion (42) positioned on an 

55 external surface of the second cladding layer. 

3. An optical waveguide as claimed in claim 2 
further characterized in that a first portion of 
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the first electrical conductor adjacent the exter- 
nally accessible contact (32) is embedded in 
the first cladding layer and the first electrical 
conductor includes a bend (37) therein extend- 
ing from the first portion to the externally ac- 5 
cessible portion (38). 

4. An optical waveguide as claimed in claim 3 
further characterized in that the bend (37) in- 
cludes at least one substantially ninety degree io 
angle. 

5. An optical waveguide as claimed in claim 4 
further characterized in that the bend (37) in- 
cludes two substantially ninety degree angles is 
oriented in opposite directions. 

6. An optical waveguide as claimed in claim 2 
further characterized in that the second elec- 
trical conductor (26) is a ground plane affixed 20 
to the external surface of the second cladding 
layer and extending to the end (35) of the 
waveguide. 

7. An optical waveguide as claimed in claim 1 25 
further characterized in that the optical 
waveguide includes a plurality of cores (25) 

and a plurality of first electrical conductors 
(30), one for each core. 

30 

8. An optical waveguide as claimed in claim 7 
further characterized in that the plurality of first 
electrical conductors is a flexible leadframe. 

9. An optical waveguide as claimed in claim 8 35 
further characterized in that the leadframe in- 
cludes electrical conductors formed of copper. 

10. A method of manufacturing an optical 
waveguide with electrical contacts character- 4o 
ized by the steps of: 

molding a first cladding layer (22) with an 
inner surface and a first electrical conductor 
(30) positioned in the first cladding layer, the 
first electrical conductor having an externally 45 
accessible contact (32) positioned at an end 
(35) of the first cladding layer and an externally 
accessible portion (38) positioned on an exter- 
nal surface of the first cladding layer; 

molding a second cladding layer (24) with so 
a channel in an inner surface thereof; and 

affixing the inner surface of the first clad- 
ding layer in overlying relationship on the inner 
surface of the second cladding layer so as to 
form a light conducting core (25) positioned 55 
between the first and second cladding layers 
and substantially surrounded thereby, the core 
having first and second ends optically acces- 



BNSDOCID: <EP 05B1012A1J_> 



sible at opposite ends of the waveguide with 
the first end being positioned adjacent the ex- 
ternally accessible contact (32) of the first 
electrical conductor (30). 
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